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"Bets mre perTomnod on a partial span of the wfng of a 
McDonrrsll XFD-1 airslam t o  determine a cmbination of waled 
Internal balance and spring-tab .stiffness for the ailoron t h a t  would 
give satisfactory stick-force charactmimics for the airplane. Two 
sealed intarnal balances were tested in combination wfth spring 
tabs of various  etiffnesses. O m  of the combinations wa~ tested at 
several speeds to determine the variatian of etfck force wlth speed.. 

Estimates, baaed OR the reeul ta  of the tests, indicate that 
for this airplane any reduction of atick fmco  by wm of the wring 
tab reduces the helix angle pb/V below the required value 
of 0.09. The 06thEbteS show that, of the confiw&tione t s S t e d ,  

. the most satisfactory combimtion for obtxiining et etfck force of 
30 pounds at 300 miles per hour indlcatsd airspeed is a 0.48-chord 
intornal balmxe in com3inatfon w i t h  a spring-tab stiffness of 
500 p o u i s  per Inch. With this cabination, a wing-tip helix angle 
of 0.078 is estimated. Stick-force curves for all configurgtions 
show a rapid *crease in stfck forca above 8pproximately X) total 
aileron deflection.' 

Estimates wore also made of the stick force f o r  the 0.48-chord 
internal balance in comb2natlon with a spring-bb stiffnoss of 
1000 pounds per inch, ~ S B U I I ~ I I ~  the existing linear  aileron-stick 
linkae replaced by a n o n l i a ~ ~ ~ ~  aileron-stick linkage. The estimate 
shows that a nearly linear stick-force gradisnt with afleron defleo- 
tion is obtained with a ms,xinium,stick force of 30.pounds and a 
pb/2V or  0.083 at full deflection of 30°. Furthar modification 
of the ailoron ~ystem to pernit a p p r o m t e u  31O to- aileron 
deflection would give the required wing-tip helix angle of 0.09 at 
a stick force of about. 33 .pomib. ' 

t 
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A t  the  request of t he  Bureau of' Aeronautfcs, Navy Depar-tmant, a 
portion of the outer panel of a M c D a n n e l l  XFD-1 airplane wing wail 
tested in the Langley high-speed 7- by 10-foot tunnel. The purpose 
of the t e s t a  was t i e  d e t e d n a t i o n  of an aileron balance  spring- 
tab configuration which would e v e  satisfactory  stick-force 
characteristics. 

The aileron balance amangemnt on the XPD-1 airplane is an 
intermaw  sealed balance i n  combination with a spring -b. Two 
internal-ba-xe arrangements were tested with  spriwa of vaE.ious 
stiffnesses i n  the  spring-tab system to de'tsrmine a combination 
o r  combinatlone which would meet the  stated reyuirsments. 

sYMB0r.s 

The coafficlents. and symbols used in the  presentation of the 
results &re: ' 

IW t coefficient { L/~s) 

rolling-mament coefficient (I,* /qm) 

aileron hinge-moment coeffic.ient (El&baca2), positive 
when moment tends to depress trailing edge of aileron 

seal-preaewe coefficient, pressWc3 b o l w  sea l  minus preseum 
above seal divided by the. frae-stream ciyl-bamlc pressure 

rate of change of rolling-moment coefficient C2, w i t h  
helix angle ( pb/m) 

119% of the samispan portion of wing tested, pounds 

rol l ing moment about plane of aymmutry of amlane cawed by 
deflection of one a ihron on a c q l e t e  wing of' airplane 
plan form, foot-pounds 

aileron hinge moneritj foot-pounds 

free-stream ~ ~ a m i c  preaaure, pounds per 8 q W e  foot (pv2/2) 

&rea of airplane wing, f e e t  

span of airplane wicg, foe t 

- . _ . . _ . - _ I  .__. 

I 
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span af aileron along hinge line, feet 

root-mean-square chord of aileron behind hinge a i s ,  feet 

helix angle described bx tip of ulng in ro l l ,  radiana 

rolling velocity, radiam per second I 

angle of attack of root of afrphm wing 

aileron deflection, deweee; posftive when trailing edge of 
aileron is below chord plane of wing 

spring-tab deflection, &pees ;  msasured w i t h  r e q s c t  t o  ~ 

aileron cho*d ?lane, positive when trailing,edge of 
tab is below chord plane of aileron . 

I 

8tick  deflection,  degrees 

Mach number 

local w i n g  chord 

l o c a l  aileron, chord behM-. hinge axis 

local balance chord, measured between hinm axis and center 
of overhang gap 

. * .  
. .  . .  

sectlon lift-curve slope per degree for lncompraaslble flaw 

MODEL AND APPARATUS 

Model 

A portion of the outer panel of an XFD-1 atrplase wlng was 
supplied by the McDO~mall company for tham tests.  The important 
geowtric characteristics of the panel teated axd the coq le t e  
airplana wing are presented in table I and a aetaibd sketch of the 
panel tested is given in figure 1. The generaJ. axranganent of the 
airplane, sharfng the portion of .the actual w i n g  used for these 
tests, is presented -.figure 2. 

I 



Sketches of an inlmard asd DXL outboard section o f  the &-percent 
and @-percent  balances are ahown in figures 3 and 4, respectively. 
The seal  was divided Into two oheaibers by the center aileron h-. 
Vinylite-coated nylon fabric wa8 wed to seal  the nose plates  of the 
btermal' baUncs to the front- s i tha  of the balanw chaanber. 
Tha seal  extended aft to approximately the hinge center line at 
the Inboard and outboard ends of the  aileroa, and wa8 & m a n e d  at 
the center h5-e 80 that the eeal was complete acrose the hinga, 
Preseure difference8 across the see1 wera meEbsured by  mean^ of 
tubes installed in tha balanca chambere a t  the locations sham 
i n  figure 1. 

The wing panel, a8 s*pliad, had the leading edge of the 
aileron covared wlth EL doped fabric to eea l  ~orue acceas holes in  the 
-tal akin. During the bets;  this fabric pullod off and wa6 
replaced with a 1/32-inch-thick almtnum plate fixed to tha leading 
et%@ with ehae't -me tal screws, gumma fabrio tape be- placed between 
the a l e r o n  akin and the platas as a Seal. The .,rear edge of the 
plats was baveled t o  fair smoothly i n t o  the sixrfaco of the aileron. 
Check teats showed no appreciable  effect 09 t& metal plat0 on the 
aileron hiage moments. 

A sketch of the spring-tab mechanism is shown in figma 5. 
Springs having moduli of 28 and 500 pounds por inch were supplied 
by tho McDonnell company, an& were calibrated at  Langley. A 
1500-pounI-per-inch spring was made and calibrated at- Langley. 
The BprFng tab, m shown in figure 5, waa mountod OR the ELilcron 
by meam of a piano hinw 'and wa8 otherwise unsealed. Tho tab 
had no aerodynamic balance. . .  

, .  . . . .  
. .  

Test Installation 

me m e  mountsa G r i z o n t a l u  on the side modal support 
of the baLanco frame of tho Langley high-speed 7- by 10-foot tuzvwl 
a8 shown in figures 6(a) a n d .  6(b). . Tho root  chord of tho model m e  
adjacent to the tux131 wall, the tunnel wall theraby serving as a 
ro fhc t ion  p l a m .  Although a ark= clemance WBB meintained between 
the model and the tunnel wall, no part  of the model m s  attached 
to, o r  cams Ln contact with the tunnel wal l .  A flange at the root 
of the w i n g  served &e a shield to deflect the air flow through the 
hole in  the t-l. wall so a8 to ,mLnimiee the effeots of th i s  inflow 
on the flow over the model. ' ' . 

' The angle of attack a f '  the.wing:panel was' set  according to a 
quadrant p i n t e d  on the tumel wall at the trailing edge of the 
w b g  as shown in f igura 6(a).  he aileron w e  waa admted from 
outside the tunnel by means of a lead screw inside the wing, A n  
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electr ic  strain gage was mounted on one arm of the bell crank t o  
f ac i l i t a t e  meaeurenent of the aileron hinge maments. The wing 
paml  as supplied had remote Fndfcating electrfc  position  indf- 
cators f o r  both th9 tab miL aileron. Vibration of the mdel 
danmged the gears in the indica-t;ors &nd midwag in the tea t  program 
they were replaced nith the quadrants which can be seen In figure 6(a 1. 

T b  aynamic pressures and Mach nmbers have been corrected 
f o r  the constrictfon effects of the mollel In the tunnel by the 
methods given in reference I, Tae W e s  of attack and mment 
coefficients have been corrected for the effect  of the tunnel jet 
boundaries by the general methods given in reference 2. Addi- 
t i o n a l  corrections were applied to convert the rolling-momsnt &ata 
for the test w l n g  plan f o m  to that for the complete a:rplase wing 
plan form. Plan-form corrections were not  applied t o  the hfnm 
moments or  the pressure coefficienta, since the maguitude of these 
corrections was not h o w .  , 

. ... 
4 

Ths conblned jet-boundary and plan-form correctioas applied 
a m  a8 f o l l m :  

I 0.44 . "  0.0192 
I -48 9 0159 
c 

" 

where the  eubscript u denotes UIICOIT8Cted coefficlents. 

The pressure  coefficients were not oorrected for Jet-bommy 
effects. 

! 

I 
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The mjo r i ty  of the tests w r e  run a t  a Q-nmnic pressure of 
229 pounds per square foot. Several tae ts  were also performed 
at dynamic presswee o f  459 and 31 powrds per square foot. The 
corresponding indicated airspeeds, Mach nmbers and f(eg.nolds 
numbers were as follows: 

P 

Q 

0.146 5.3 x 106 ' u2 31' 

Reynolds nmber Mach Tunnel airspeed 
(lb/S¶ ft) (mph) 

(bamd on M.A.C. 
of test  panel) 
" - 

229 ' .4l6 13.9 313 
, .  

I 459 459 , .630 1 18.3 " 

""C- - , ' . .  
In an effort to sxye&ite the testing, t he  angle of attack of 

the wing of the airplans in roll f o r  a @van aileron  deflection waa 
eathmted for,. the fully loaded airplane a t  300 miles per Lour 
indicated airspeed. To allow f o r  errors' in the estimation of ra te  
of roll of t h e  airplane, an envelope of angle of attack covering 
a range roughly plus and minus lo from tile a n a e  calculated for 
each aileron defleotion waa s e t  up far -host tests. 

A number of t es t s  were r m  using only the estimated angle of 
attack ae sufficiently accurate estimates of stick  force could 
be made f r o m  the data, to &ow the s t lck Force characteristics 
expected for tha t  configuration. For the case in which the spring 
t8b was operating, m s m i c a l  interference resulted in -Lncomiabnt 
hinge-moment data for &ileran angles greatar than 12' and -14O. 
These tests were therefore lmtetd  to- that deflection renge. 

A total of about, 135' spring-tab deflection w a s .  available. 
For tho  maJority of tie, tests,  th is  t o t a l  wafl squally divicled 
between up and down deflection, but for aev61-a of the tests, the 
spring tab was set vith about -3' deflection'to give 'slfghtly more 
negative than positive. tab., deflection, 

. . .  . . .. 

. .  
. .  . 

The tr im tab m e  f ' h d  at' neutral ' for  all tha testa. ' 

'b ' 

The 0.44 - b&hnce'wa&' b a t e d  with the sprblg tab blocbd 
ca 

, .  . 

a t  6,t = 0' and with the a p i n g  tab equipped xith spring6 having 
moduli of 28, 500 pounds per inch, anr3 the. O.@$. balance 
with the spring tab blocked at 6,t = Oo and with springs having 
moduli of 28, 500, aJLa 1500 pounds Iar inch. 

- . .. 



EACA RM No. L6H21a 
. .  

c 7 

Before the force t e s t s  were starts&, an attempt was made to 
check t5e amount of leakage in the sealed internal balance. A 
sketch of the seal-leakage test   setup is shown in figure 7. In 
these tests the pressure box sham on the figure was mounted on the 
upper surface of the wing over the vent gap in such a m i r  a8 t o  
open into both the inboazd and outboard w e r  seal c h a b r .  Au. 
openings from the upper seal chmber, throu& the upper vent gap 
t c  the atmosphere were sealed w i t h  cellulose tape. 0- tha t  part  
of the vent gap opsnir-g into the pressure box was left open. A 
low-pressure source -8 connected t o  one end of the pressure box. 
The pressure tubes in the. seal chamber and tubes leading into the 
pressure box were  coupled to mnometere to determine the pressures 
in the seal chmibers and preaaure box. The seal loa3ra@ factor E 
is defined as: 

where  . 
Pa - lb pressure  difference E~CTOSS seal 

PC - Pd pressure differance betw3en nressura box and absphere 
(pressure difference across vente) 

During the course of the tests, the leading edge of tha model 
became roughened by the impact of particlee of dust in the tunnel 
air stream. The reaul t icg  rough leading edge probably f ixed 
transition at tha leading edge of the airfoil. The nicks in the 
leading edge were not f i l l ed  d u r a  tha tests,  however, a8 it was 
believed that the laad- edge of tha wing on a servlce airplane 
would probably becom afmihwly damaged under n-1 flight con- 
ditions and that the condition of the model would be solmewhat 
6 f m i h 2  t o  the condition of the normal airplane, 

&&,a. - Seal-pressure cosffichnt data for the various con- 
figurations are preeented in figuzes 8 and 9. The ro-g-mmnt 
and hinge-mamenl; coefficients f o r  t4e coHigurations tested Elre 
shown in f iguras  10 and ll. Figures 12 13 present s t i c k  forces 
and rates of r o l l  f o r  different coIxZigurations and airspeeds. 
Estimatsd stick forces f o r  the 0.48 %/ca fnternal balance with a 

I 

I 

I 
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1000-pomd-per-inch spring-tab stiffness anb a nonlinew aileron- 
stick linkage are ~1ktorm in figure 24. This linkage arrslgenaent 
and the varriation Gf t h e  mechanicaladVaXLtage W e  also shown in 
figure 14. A comparison of estimated  aileron  characterietics ' 

with those obtained in flight is shown in figure 15. Figures 16 
and 17 present. the spring-tab characteristics. 

S e a l  ~reseuz.es.- Comparison of the seal-pressure coefficient 
data -(figs. 8 and 9) wtth data from t e e t s  of wind-tunnel models 
having a 8M&u percentam of leakage (reference 3) shows the 
preasure  coefficients for this model m e  low. It is believed  that 
the low pressure coefficients a m  the  result of leakage around 
the hinges and the  eeal as.well as the faot  that the cover plates 

were not true contour. Ledsage testa  of the 0.44 - 'b balance @;ape 

a value of E of approximately 0 .lo. This mount of leakaga 
probcbly came& most of the lose in pressure coefficient resulting 
from alleron deflection. 

ca 

Stick forces.- The method of ualcuhtion of the stick forces 
i8 deecribed in tho ebppenxix. 

-.- _I 

It w i l l  be noted from figures 12 and 13 that there is a rapid 
increase in stlck  force paet approximately 20° total aibron deflec- 
tion. This r i a 3  in stick  force i s  the result of t he  rapid increaae 
in hinge. mmnt for the upgoing aileron cauaad by a decrease 
in -/baa at lmge negative  aileron defbctions.  (See figs. 8 
and 9.) Of the configurations- tes-kd, the 500-pound spring in 

combination with the  0.48 - cb i n t e r n 1  balance appears t o  have the 

most satisfactory  stick force characteristics. 
Ca 

Extrapolation of the tab" curve (fig. 16) for the 
&-pound spring ana 0.48 - cb ' internal balance shows that all 

G€L 

available tab defhction i s  wad at 12.5' aileron deflection 
rssulting in a maximum stick force only a f e w  pounds less than 
for the 5oO-powbd spring with the 88918 balance. (See f i g .  12. 

. . .  . 
Althou&gh va.rloug a p i n g  etFefnssses w e r e ,  tested in conJunction 

with the 0.44 - cb i n t e r d l  bal-e, s t ick  %rces and rates of r o l l  

for . t h e e  configurettions 'are not '  presenlh because the 
s t ick  force for the l ightest  spring tested (28 lb/&.:]: whs much 
greater than the ma%imwn force allowable. Tple general 

Ca ' 
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stick-force gradfent with total aileron arigle Wa8 obtalned with 

the 0.44 hlbml bd.aUce6. (see f ig .  12. ) 
Cb 

One m e t b d  of e7imfnating the excesaive stick forces for 
large deflectfons would be $q replace  the  present  aileron-stick 
linkage with a nonlinew lfnkage system. To show the a&mnt&ge 
of such a system f o r  this caEe, the nonlinear l-ge shown in 
figure 14 was calculated by the method described fn reference 4 

arid the stick  forces %rere estiruabd for the 0.48 532 ca balance with 
a 1000-pound-per-inch epring-tab stiffness at 300 miles per  hour 
indicatsd airspeed. Figure 14 akiowa tha t  the  stick force for full 
deflection vas reduced from 50 pounds to approximately 30 pounds 
with a negligible  increase in stick  force at lower deflections, 
giving a nearly linear varistion of stick  force with aileron 
deflection. 

Rough esth9,tes baaed on the variation of st ick force with 
'b 

epeed f o r  the 500-pound-;?er-inch spring and 0.48 - ca balance 

indscate tha t  such  a system wcul& be satisfactmy throughout the 
ssesd rane. 

Rates of ro l l ,  - The calculsted rates of roll were not cor- 
rected f o r  the effects of wing M e t  and airplane yawFng motion. 
The panel tested is the outboard section of the actual w i n g  
(fig. 2) and., therefore, same p a r t  of the effect of >ring twist 
ie hcluded. The effect of the yaw3ng motion would be small f o r  
most conditions  calculated herek, aa the angles of attack would 
be ne= the angle f o r  zero lift. The calculated ratas of r o l l  
(figs. 12 an3 13) show. that the maximum pb/2V available  with 
spring tab locked is approximately 0.092. Any reduction of s.tick 
forces by meane of a apring tab wfll reduce the aileron effec- 
tiveness such that the pb/m requirements of rafereme 5 cannot 
be met For the 5oO-pound *ring i n  combination with the 

0.48 - 
ca 
5J internal balahca, reduction of the stick  force t o  the 

desired value results in a pb/2V of 0.078 which is O.Ol-2 less 
than required in reference 5. 

Although some flight data were available f o r  comparison with 
the wind-tunnel results (fig. 15), the range covered (17.5O total 
aileron  deflection) and t b  mat ter  of the Uta are such that no 
definite  statement can be male concerning the agreement obtained, 
Considering the above f a c t  etna the difficulty in altering the 
existing model t o  obtain greater aileron effectivenees, no attempt 
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was made to modify tb aileron configuration t o  get higher rates 
of r o l l  pending comelatiom of tha wind-tunnel tests with flight- 
t e s t  results 31 which greater aileron  deflections are obtatmd. 

The comparison of the requirements of reference 5 asld the 
predicted rates of r o l l  for the McDonne3l XFD-1 airplane dth ' . 

the 0.48 - internal balar-ce and the W-pound-per-inch spring 
(fig. 18) shows tha t  the lateral-control requirement w911 not be 
net  i n  the speed rang3 frm a07 t o  378 miles per hour indioated 
aSrspeed. The rnaxfmum deficienax In pb/2V ie 0.012 at  300 miles 
per h o w  indicated strspsed. This defioiency in,rate of roll m y  
bo attributed to the high spring-tab doflections, and subsequent 
reductions in aileron ro l l ing  effec,tivemss f o r  a given aileron. ' 

deflection, necessary to Teduce the etick forces' t o  the required value. 

-ch 
ca 

. .  

Use of a nmlinear aileron-stick linkage system such as that 
described in the eection  "stick forces" would permit installation 
of a st i f fer   spr ing thus  increasing the available pb/m f o r  
30-pound etick force at 300 &le8 per hour indicated airspeed 
from 0.078 to  approximately 0.083. This, ?oupled with modifica- 
t ion of the preeent  aileron system t o  permit approx-taly 3O 
more total aileron deflection, should bring tho pb/m up t o  the 
requlred value of 0.09 at a s t ick force o f  about 33 pounds. 

Spriruq -$ab character28 t i . 6 .  - The varia'tioa of rolling-mmnt 
and aileron hinge-moment coefficients with tab,deflection shown in  
figure 17 were btarmined by subtrabtion, 'at the stme aileron 
a n g l e  and a n g l e  of attack, of the hinge-mom?nt and rolling-mment 
coefficients  for the q r i n g  tab locked from thbse with 'the epring 
tab operating. Thsee data may be uesful i n  estimating charm-. 
t e r i e t i c s  of other balance, spring-wb combinations for thfe alleron. 

The resul ts  of the tests  of the partial-span WLng of, the 
McDonnell XFD-l airplane  i&cate the follaring: 
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Replacing the existlng linear aileron-stick lidsage nith a 
nonlinem linkage would give a more aatiafactory stick-force 
gradiant with aileron deflection. This modification accompanied 
by mod3ficatims of the aileron s p t e m  to pemnit an increase of 
approx.inately 3O t o w  aileron travel should a v e  tb req-d 
hel ix  angle pb/2V of 0 .Og f o r  a st ick force of approximately 
33 ? ? o m s  ' 

Las@;ley Memorial Aeronautfcal Labomtory 
National Advisory Committee f o r  b r O n a U t i C 6  

Langley Field, Va. 
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METHOD OF ESTIMATIGN OF STICK FORCES ilRTD 

. R A T E S  OF R O U  . .  

Stick forces and rates of' r o l l  were estimated f o r  the following 
condftione: 

Weight of airplane, 1% . . . . . . . . . . . . . . . . . . . .  9820 
T o t a l  aileron deflection, deg . . . . . . . . . . . . . . . . .  30 
Stick travel f o r  total aileron deflection, deg . . . . . . .  22.75 
Stlck length, ft . . . . . . . . . . . . . . . . . . . . . . . .  1.38 
Aileron-stick linkage . . . . . . . . . . . . . . . . . . .  .Llneax 

' Indicated airspeed M 
r 

i I 
9 Uti tude 

(mh) (lb/ft2) 

230 10,000 475 300 

0.140 107 

(f't) 
" 

a*9 i 0 

378 367 4 1 10,000 .a0 
1 

The stick forces Etnd ratea of roll were estimated by the 
. .  

c .  

80 
general method of reference 6 .  The value8 of - 2p , $ K T ,  tio, 

and Cl for the three conditions were a e  folJ.owe: 
P 

I 
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Ln several  instances, the estimated angles of attaok over the 
aileron section of the wing for the amlane in roll were outside 
the  angle-of-attack ran@ tested for that paztiuular aileron 
deflection;  the allowable loads on the balance sysb?Jl 1iTaitf.W 
the angle-of-attack r&nga. To obtain the rolling-mament esd hinge- 
moment data fo r  the angle of attack for the wing in roll, the curves 
f o r  the f lap  deflection  question were extrapolated by a strafght 
l h  to  the  desired as& of attack. 

To account f o r  the  differant-1 aileron hf l ec t fon  w f t h  
spring tabs operating, the r"ollowing method used to calculate 
the  rate of roll an& s t iok  forcas, The angfe of attack and ro l l ing-  
moment coefficients for various aileron  defGctions were first 
dotermined by ths  method of reference 6 assuming equal up and down 
aileron deflections. A t  the  coquted angle of attack f o r  each 
aileron  deflection the tab angle wa8 determined from the  test  date. 
From the geometry of tke system a o w  in aileron Etngle A8,, 
resulting from the deflection of the .tab, was determined f o r  each 
t& angle. The value A&, repragents the Fncreased s t ick  t3.avel 
(In terns of aileron  defloctian) necessary ' t o  obta3n the desfred 
aileron deflection. P lo ts  of sa + ABa versus Sa (fig. 19) 
were then made f o r  each spring co&iguration and for each air- 
speed. Values of up - down aileron deflection wera deterzulned 
from these  curves at equal positive and nes t lve  values of 6, + ma. 
The st ick forces were then calculated a8 before. 

For aileron  deflections graatar then 12O and -14O it m a  
Iiecessary to eetimate the hinge-manent coefflcfent as consletant 
hinge-3loment data could not be obtalne& during the testa,  (See 
tests.) Estimates were made by determining  the tab deflection 
corresponding to  the deeired 6a from figura 16, and determinin@l 

the vstlue of ACk for this tab angle from figure 17. This value 
was then doaucted from the vslue of C fo r  the same aileron 43 
deflection Mth spring tab locked Oo thus gl-g the value of C ha 
f o r  the aileron w i t h  tab daflected. 

" 

For the tests in which data were M e n  at  o m  angle of attack 
for  each aileron deflection the rolling moments were assxuned not 
t o  vary with angle of attack. U s i n g  thls assumption, the angle 
of attack for a given 8, was determined. The variation of C b  
with u f o r  thg 6@ in question waa estimated from other con- 
figmations and a lrne having this elo3e was drawn through the  one 
point f o r  the desired 6,. This line waa extended to the m g l e  of 
attack  estimated &a previously deecribed. As noted in the text, these 
tests were run only t o  sin EO= indlcation of w h a t  the final 
configuration might be. 
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w71ng: 
Area, s q f t .  . ? .  . * .  

&an aerodynamic chord, ft . 
Aspect r a t i o  . . . . . . . .  
Taper r a t i o  . . . . . . . .  
Airfoil section: 

Theoretical ti-p . . * . 
Theoretical root a t  center 

alrslaae . . . . . . .  

Span,f t  . . . . . . . . . .  

Partial-span Full-8pm 
wing wing 

. . . . . . .  42.48 . . . 0.45 . . . . . . .  5.51 . . . . . . .  3.36 . . . . . . .  0.66 

. . . .  RACA 66(215)-414 (a = 0.6) 

. . . . . .  mc!-4 66,2-218 (a = 0.6) 
lln0 of 

Aileron (~ame for partial-spn and full-span wing) : 
Area (one aileron) ,aq ft . . . . . . . . . . . . . . . . .  8.31 
Span, along hinge lFne, ft . . . . . . . . . . . . . . . .  7.28 
Root-mean-square chord, ft . . . . . . . . . . . . . . . .  1.13 
Hinge-lfm location, percent of UFng chord . . . . . . . .  q8:8 

Spring tab ( s m a  f o r  Frtial-span and full-span wing) :  
Area, sq f t  . . . . . . . . . . . . . . . . . . . . . . . .  0.94 
span, d o n g  hinge ~ne, ft . . . . . . . . . . . . . . . .  3.43 

Hinge-line location, percent of aileron chord . . . . . . .  24.23 
Root-IWan-sqUEZZ Chord, f t  . . . 0.27 
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(b) Looking downstream. 

Figure 7. - Schematic sketch of mthod ulsed .to determine the seal 
l e a b e  factor. 

Figure 8. - Pressure coefficient across of internal ba lmce  on 
McDonnell XFD-1 airplane with 44 percent internal balance, 

(a) S p i n g  tab blocked, M = 0.416> g = 229 Ib/f t2. 

Figure 8.- Concluded. 

(b) 28 lb/in. spring, M = 0.416, Q = 228 lb/f t2. 

Figure 9.- Pressure coefficient across seal of internal balance cn 
McDonne11 XFD-1 airplam with 48 percent internal balance. 

(a) Spring tab blocked, M = 0.416, Q = 229 Ib/ft  2 . 
Figure 9. - Continued. 

(b) 500 lb/in. wring, M = 0.630, q = 459 lb/ft2. 

Figure 9. - Continued. 

I 

. 500 lb/in. spring, Ei = 0..416, Q = 229 lb/ft2. 
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FIGURE I;EGEXDS - Continued 
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Eigure 9.- Concluded. 

(a) 500 lb/in. sprtng, M = 0.146, q = 31 lb/rt2. 

Figure 10;- Aileron hinge-moment charactsristics of the w i n g  of 
McDonne11 XFD-1 airplane with 4-4 percent internal balance, 

(a) Spring tab blocked, M = 0.416, q = 229 lb/ft2. 

Figme 10. - Continued. 

(b) 28 lb/in. spring, M = 0.416, q = 228 l k / f t2 .  

Figure 10. - Concl&ed. 

( c )  500 lb/in. spring, M = 0.417, q = 228 lb/ft2.  

Figure 11.- Alleron hinge and rolling moment characteristics of the 
BIcDolmell XFD-1 airplane with 48 percent internal balance. 

(a)  Spriag tab blocked, M = 0.416, q = 229 lb/f  t2. 

Figure IL- Continued. 

(b) 28 lb/in. spring, M = 0.416, q = 229 Ib/f t  2 . 
FAgure U.- Continued. 

( c >  500 lb/in. ssring, M = 0.416, q = 229 lb / f t  2 . 
F i w e  U. - CWtinWd. 

(d) 500 lb/in. spring, M = 0,630, q = 459 Ib/f t2. 

Figure U.- Continued. 

(e) 500 Ib/in.  spring, M = 0.146, q = 31 lb/f t2. 

Figure 11.- Concluded. 

I 

. I  

' .  
(f') 1500 lb/in. spring, M = 0.417, q = 229 lb/ft2. 

Figure 12.- Variation of s t ick force and wing-tip helfx angle with  
aileron deflection for eeveral combinations of internal balance 
and spring t ab  8 tiffness.  Indicated  airspeed. = 300 mph, M = 0.475. 
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Figure 13.- Variation of s+,ick force and wing-tip helix m g l e  with 
aileron  deflection for several iadiceted airspeeds. qJca = 0.48, 
500 lb/ia.  spring. 

Figure 14.- Linkage and stick force charaoteristfcs for nclnlilaear 
aileron- s t ick linkage. 

F i w e  15.- Campariecn of estimated aileron cbracteristlcs with 
those obtained in airplane flight testa. S p r a  ta.3 blocked, 
%/ca = O.&, indicated airaped = 200 mph. 

Figure 16.- Variation of spring--% deflection with aileron deflec- 
tion in ateady roll. 

Figure 17.- Variation .of hinge- and rolling-moment coefftcient 
wtth spring tab deflection. 

Figure 18.- Camparison of New rats of roll requirement and pre- 
dicted  rate of roll of McDonnsll XFD-1 airj?lasle w i t h  
%/ca = 0.48, 500 lb/in.  spring. 

Figwe 19. - Typical p lo t  of 6, + nS, versue aileron angle for 
determination of aileron angles w l t h  differential re8~1lting 
from spring tab operation. 
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(a) L o o k i n g   u p s t r e a m .  

F i g u r e  6 . -  McDonnel l  XFD-1 p a r t i a l - s p a n   w i n g  mounted 
i n  L a n g l e y   h i g h - s p e e d  7- by 1 0 - f o o t   t u n n e l .  

UTRUL y)*~om ~ Y U ~ ~ P L  mn M~HWWS 
L M r n  w ' ' ' I  1F- 8 7  1 . .  ~' ' '  . . I  .. .. 
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( b  I Looking downstream. 

Figure 6.- Concluded. 
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